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This work is a continuation of some work done by Professor William
A. Noyes and Rene' M. Taveau
1
. It was hoped that a general method for the
formation of double molecular substances from nitroso compounds would be found
and their structure determined.
They decomposed the nitroso compound obtained from amino lauronic anhy-
drido, CaHi4 I , in the presence of an excess of ethyl alcohol by means of
~---NN0
the calculated amount of sodium hydroxide and obtained a 25 per cent, yield of
a product represented by the following formula (CsHu | )a » The reaction
^NCaH4
was represented by this formula:
/CO /CO
2C8Hi4 | + 2CaHQ = (C8Hi 4 ] )a + Na + Ha 0.
^NNO ^NCaH4
Preparation of the Nitroso-derivative of Phtalimidine.
Phtalimidine was prepared by the method of Graebe3 . 25 grams of finely
powdered phtalimide was warmed with 40 grams of granulated tin in 40 oc. of
water. Then 125 oc. of hydrochloric acid (sp. gr. 1.19) were added drop by
drop and the solution was heated on a water-bath until all of the tin and
phtalimide dissolved. After thoroughly cooling the solution the tin was re-
moved by precipitation with zinc. On adding the calculated amount of sodium
nitrite very fine yellow needle crystals precipitated at once, but the solution
was allowed to stand in contact with the crystals for one hour to complete the
precipitation. After recrystallization from alcohol the substance melted at
o
154 . Yield 16,5 grams. The reaction equations may be represented by the
following:
/CO. /CO
(a) CQH4 J^NH + 4HC1 + Sn = CeH4 ^>NH + SnCl4 + Ha
^CHa xCHa
/CO CO
(b) C H4 ^>NH + NaN08 = CeH4 >NN0 + NaOH.
^CHT ^CHa
1. An. Ch. J.. 32, 235. 2. Ann. 247, 288. "
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Decomposition of the Nitroso Compound.
To 8 grams of the nitroso compound dissolved in 30 cc. of ethyl aloohol
2 grams of potassium hydroxide dissolved in 20 oc. of ethyl alcohol was slowly
added, the solution "being cooled in an ice mixture. At the end of the reaction
a bright wine colored solution remained, from which a heavy red oil separated
on adding water. After the oil had been extracted with ether the washings and
original solution gave clear white plate crystals which redissolved at room
temperature on standing over night. This precipitate was not studied farther.
The following formula represents the decomposition of the nitroso compound,
CO CO
2CQH4^ J>NU0 + 2C2Ho « (
C
eH4 ">NCaH40)a + Na + 2H2 0.
^CH8 XCRT
CO
The compound (CeH4 NC 2H40)a was separated by extracting with ether
CHa
after the alcohol had been evaporated off. A greenish yellow oil remained
after the ether was evaporated. The oil was found to be insoluble in water
and alcohol but readily soluble in ether, ligroin and benzene. In a solution
of benzene with a drop or two of water added beautiful yellow needle crystals
separated slowly after standing about three days. Melting point 145°.
A molecular weight determination by Raoult*s method; 0.1120 grams of the
compound dissolved in 44 grams of benzene with a freezing point depression of
0.38°; gave 324 for the molecular weight. The calculated molecular weight for
(CioHioN0a )a is 352. The result was not satisfactory but the agreement is
close enough to show the compound is dimolecular.
A single analysis showed the following:
Substance Theory Found
Carbon 68.18 per cent. 68.20 per cent.
Hydrogen 5.68 » » 6.03 " "
Oxygen 18.19 " w
Nitrogen 7.95 " "
t
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On standing three months dissolved in benzene 5 grams of the above sub-
stance gave a fine grained white precipitate which was insoluble in ether,
alcohol and benzene in cold solutions but was soluble in large excess of boil-
ing benzene. The melting point was found to be 242°. This compound was not
investigated farther. The benzene was evaporated from the original solution
and the oily product remaining was subjected to fractional distillation:
Fraction boiling point pressure
o
No. 1 160 20 m.ra.
No. 2 270° 20 m.m.
Fraction No. 1 was a clear oi^ substance from which white plate crystals
o o
separated on cooling. Melting point 70
. Boiling point 283.5 • These prop-
erties are in substantial agreement with phtalide which has a melting point
73° and boiling point 290°. The clear oil remaining after the crystals were
separated could not be made to crystallize and did not contain a trace of the
nitrogen as was shown by fusing it with metallic sodium, dissolving in dilute
ferrous sulphate and adding hydrochloric acid. Boiling point 260°. Molecular
weight determinations by the Raoult method gave; 0.3735 gram in 11,95 grams of
benzene, depression 0.80°, 0.7057 gram in 12.28 grams of benzene, depression
1.50°; molecular weights 190 and 188 respectively. With glacial acetic acid
as the solvent; 0.7420 gram in 28 grams of acetic acid, depression 0.49°;
0.4300 gram in 12.89 grams of acetic acid, depression 0.63; the results gave
respectively 210 and 205 as the molecular weight.
Combustion analysis gave the following:
I II III IV
Y/eight Per cent. Weight Per cent. height per cent. Weight Per cen\
Carbon .4842 g. = 67.72 .2400 g. = 67.30 .2865 g. a 67.60 .4086 g. = 67.29
Hydrogen .0508 » = 7.10 .0255 " = 7.16 .0308 » a 7.27 .0412 » a 6.78
Oxygen
.1740 » a 23.76 .0911 » = 25.54 .1065 » = 25.12 .1574 » a 25.92

These results correspond closely to the formula CioHia03 although the
hydrogen is a little high the factors for the above formula being 66.7 per
cent., 6.7 per cent, and 26.6 per cent, respectively with a molecular weight
of 130.
The speed of the decomposition reaction seemed to indicate that the
potassium hydroxide acted as a catalytic agent only. To test this inference
a normal solution of potassium in absolute alcohol was prepared by putting
the weighed amount of purs dry metallic potassium in the alcohol. The abso-
lute alcohol was prepared by twice distilling ordinary 95 per cent, alcohol
from quick lime and freshly fused copper sulphate. One drop of the normal
potassium solution was added to 25 grams of the nitroso compound in 50 cc. of
alcohol. The mixture was allowed to boil by the heat of reaction. It was
found necessary to cool the solution frequently to keep it from boiling over.
The solution was alkaline at the end of the reaction and additions of more of
the potassium solution had no effect on it. No attempt was made to collect
the evolved nitrogen when the potassium solution was used, but subsequent
tests showed that all the nitrogen was evolved as no nitrogen could be found
in the products. An apparatus wa3 arranged to collect the gas evolved from
•5 gram of the nitroso compound in alcoholic solution when one drop of normal
sodium hydroxide was added. At 25° and barometric pressure of 747 m.m. 46.5
cc. of nitrogen was collected, or 42 cc. corrected for temperature and pres-
sure. Calculated for the nitrogen evolved:
162 : 22.4 :: 0.5 : x, x = .0692 liter or 69.2 cc.
For one-half of the nitrogen:
324 : 22.4 :: 0.5 : x, x = .0346 liter or 34.6 cc.
The molecular weight of the nitroso compound as used in the above proportions
is 162. The difference 7.4 cc. between the theory and volume found could not
be accounted for except on the supposition that some of the compound must have
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liberated all of its nitrogen. The solution was found to be alkaline at the
end of the reaction. These results showed conclusively that sodium and potas-
sium acted oatalytically. The oil which separated on adding water was ex-
tracted with ether, dried over calcium chloride and subjected to fractional
distillation with results similar to the compound obtained from standing in
benzene.
Fraction boiling point pressure
o
Wo. 1 175 30 m.m.
No. 2 275 to 280° 30 m.m.
Fraction No. 1 same over at fairly constant temperature but on cooling 7 grams
of phtalide separated from the clear oil. Redistilling the oil 5 grams of the
pure product was obtained. Fraction No. 2 was a heavy yellow oil which did
not have a definite boiling point but increased as the distillation progressed.
7/hen the heating was discontinued a black gummy mass remained in the distilling
flask.
One gram of the clear oil reduced with hydriodio acid (sp. gr. 1.5) by
heating in a sealed tube for ten hours gave 0.0845 gram pure white crystals.
Melting point 105°. The entire product above 0.0845 gram was dissolved in
water and titrated with sodium hydroxide (normal factor 0.09) with phenol-
phthalein as indicator; 7.71 oo. sodium hydroxide was required to neutralize
the acid. 7.71 cc. N/.09 sodium hydroxide is equal to .704 cc. normal.
.0845
.704
3 equivalent of aoid. Ortho-toluic acid which has a melting point
of 104° molecular weight 136 agrees substantially with the above compound.
Fraction boiling point pressure
No
-
1 175° 30 n.m.
No » 2 275-280° 30 m.m.
Fraction No. 1 cane over at fairly constant temperature but on cooling 7 grams
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of phtalide separated from the clear oil. Redistilling the oil 5 grams of the
pure product was obtained. Fraction No, 2, was a heavy yellow oil which did
not have a definite boiling point "but increased as the distillation progressed.
Vthen the heating was discontinued a black gummy mass remained in the distill-
ing flask.
One gram of the clear oil reduced with hydriodic acid (sp. gr. 1.5) by
heating in a sealed tube for ten hours gave 0.0845 gram pure white crystals.
Melting point 105°. The entire product above 0.0845 gram was dissolved in
water and titrated with sodium hydroxide (normal factor 0.09) with phenolphtha-
lein as indicator; 7.71 oc. sodium hydroxide was required to neutralize the
acid. 7.71 oc. N/.09 sodium hydroxide is equal to .704 cc. normal. » 0845 . -
.704
.12 equivalent of acid. Ortho-toluio acid which has a melting point of 104°
molecular weight 136 agrees substantially with the above conpound.
A second reduction was made with two grams of the oil with hydriadio acid,
o
the heating at 130 being continued for two hours. The mors volatile portion
of the solution was distilled off rapidly on a metal bath and collected in a
flask which was kept cold by a freezing mixture. 2 cc. of the liquid was ob-
tained which had the characteristic odor of ethyl iodide. Boiling point 73°.
Oxidation of the Oils with Nitric Acid.
0.5 gram of the oil was heated 12 hours with concentrated nitric acid. A
white crystalline precipitate was obtained on adding water to the cooled solu-
tion. Melting point 207° but when cooled and reraelted 128°. Yield 0.25 gram.
0.2296 gram of the above compound was made up to 53.86 oc. of solution or
N/20 on the basis of a bibasic acid. 1 cc. := °«3296 - 0.tf0429 gram. The5386
above solution was then titrated with a N/.0894 sodium hydroxide solution with
the following result:
8.55 oc. solution required 4.98 oc. NaOH solution, or in grams 8.55 co. x
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0.00429 = 0.03668 gram. —2— a 4.42 cc. calculated U/lO NaOK. 4.98 x 0.894
8.3 '
= 4.45 cc. 1-j/lO NaOH required.
Saponification of the Oil with Potassium Hydroxide.
3.6 grains of the oil dissolved in alcohol was heated with potassium hydr-
oxide (1 part to 1 part water) for twelve hours on a steam bath. After the
alcohol was evaporated off the solution was neutralized with hydrochloric acid.
A white precipitate was obtained which after purifying by recrystallization
from hot water gave a melting point of 83°,
This product reduced with hydriodic acid gave ethyl iodide and ortho-
toluic acid.
An analysis of the saponification product gave the following:
Carbon 0.1925 - 63.7 per cent. * 12 a 5.3
Hydrogen 0.0207 a 6.85 " » + 1 =: 6.85
Oxygen 0.0890 a 29.45 » '* * 16 =: 1.83
Taking these results with the titration below the formula is CioHi 2 2 or graph-
ic - - C2HB
ically represented CqIU
^CH3
Titration with Potassium Hydroxide.
N/.0709
.
0.0683 gram required 5.82 cc. for neutralisation. 5.83 x 0.709a
w .0683 ,4.12 cc. N/10
.
~
lg
- 0.0165 for 1 cc. N/10 potassium hydroxide. Hence
the molecular weight is 185. Calculated for C10K12O2 the molecular weight is
164.
C.7180 gram of the oil converted into ethyl iodide end this as a vapor
passed through silver nitrate formed 0.8620 gram of silver iodide. This indi-
cates that there is only one methyl group in the molecule. But a ccmtustion of
the oil that had been twice washed with hot potassium hydroxide to get rid of
phtalid geve:

-8-
feight of oil 0.3240 gram.
Carbon 0.2104 s» 65 per cent. * 12 - 5.416
Hydrogen 0.0249 =a 7.37 » « 1 = 7.370
Oxygen 0.0887 = 27,63 + 16 a 1.726
which gives C12H14.O4 for the formula or
-
- C 2H5 , C00C aHe
CeH4 or C6H4
"^a - - C3H5 Xcooc2h6
During the progress of this work it was found necessary to prepare phthal-
1
imide from phthalic anhydride. 1'he method given by Dunlap was modified, on
the suggestion of Professor Noyes, ammonium carbonate being used instead of
urea. 25 grams of finely powdered phthalic anhydride was mixed with powdered
o
ammonium carbonate and heated on a metal bath to 300 . At this temperature
the substance became liquid with a vigorous evolution of ammonia and carbon
dioxide. After heating for about ten minutes or until the gases were no longer
evolved the hot liquid was poured into a dish and powdered as soon a3 cool. A
yield of 22 grams was obtained after recryst alii zing from hot water. The re-
action is represented by this formula:
^-00^ .00^
0«IU + (NH4 )a C03 =s C eH4 NH + C02 + JM3 + 2H3 .
1. Am. Chem. J., Vol. 18, 332.
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